Background: Data on noninvasive vascular assessment and their association with cardiovascular risk variables are scarce in young individuals.
Introduction
It is currently accepted that atherosclerosis has its origin in childhood [1] [2] [3] . The search for markers of preclinical atherosclerosis/arteriosclerosis is directed to the noninvasive evaluation of the vascular involvement and some studies have demonstrated the association of risk factors (RF) in young individuals with impaired arterial elasticity in adulthood 4 .
Among the markers of arterial disease, arterial stiffness has shown to be an important parameter for the assessment of cardiovascular risk. Of the several methods for the assessment of arterial stiffness, measurement of the carotid-femoral pulse wave velocity (PWV) is considered the gold standard method because it is relatively easy to perform and there is a large body of evidence demonstrating its association with cardiovascular disease, regardless of traditional risk factors in different populations 5, 6 . Previous studies on the association between PWV and conventional RF in young individuals are limited and the results are partially controversial 4 . In the Bogalusa study 7 , systolic blood pressure (SBP), body mass index (BMI) and HDL-cholesterol (HDL-c) in childhood correlated inversely with PWV in adulthood. In another study 8 , mean blood pressure (MBP), BMI, gender and homocysteine levels were independently associated with PWV. In the Arya study 9 , no association was observed between blood pressure (BP) in adolescence and PWV in adulthood.
Therefore, some authors have suggested that in normotensive young adults, PWV is most likely determined by other factors, rather than those found in older individuals with hypertension 10 . They may be associated with primary abnormalities in the structure or function of the vascular wall 4, 11 .
Studies on this subject have been carried out in young populations, seeking to evaluate RF and early vascular abnormalities. Such information could be useful for better identification and risk stratification in young adults 12 .
The present study is part of the Rio de Janeiro study (ERJ) [13] [14] [15] , a longitudinal line of research on blood pressure (BP) and other cardiovascular RF in children and adolescents and their families, which has been developed since 1983 and aims to evaluate the association between PWV and BP, anthropometric and metabolic variables, including adipocytokines, in young adults.
Methods
We evaluated 96 individuals (51 men), from the ERJ cohort, aged 26 to 35 years (mean 30.09 ± 1.92 years). All of them underwent the evaluation protocol which included measurement of BP, waist circumference (WC), weight, height, and BMI calculation, as well as measurement of blood glucose, total cholesterol, HDL cholesterol and triglycerides (TG) levels after a 12-hour fasting. Leptin, insulin, adiponectin levels were also determined; the insulin resistance index HOMA-IR was calculated and PWV was obtained. Blood pressure was measured on the brachial artery using a mercury sphygmomanometer, with a cuff of appropriate size and width, according to the recommendations of the Brazilian Society and Cardiology (SBC) 17 . Two BP measurements were obtained at a five-minute interval and the final measurement was used for the analysis. Subjects were considered hypertensive when the blood pressure values were ≥ 140 x 90 mmHg, according to the recommendations of the VI Brazilian Guidelines on Hypertension Pulse wave velocity (PWV) was measured using the automated computerized system Complior (Complior, Colson, Garger les Genosse, France -Createch Industrie) according to the methodology described by Asmar et al 21 . The mean of 10 measurements was considered for each individual. All measurements were obtained by the same examiner.
ANOVA was used to compare the means of continuous variables complemented by paired analysis. The Chi-square test was used to compare the frequency distributions of categorical variables for independent samples. Linear regression, complemented by analysis of variance, was used for correlation of continuous variables. The level of significance was set at 5% for all analyses, assuming a probability "p" equal to or less than 0.05 to reject the null hypothesis.
The study protocol was approved by the Institutional Ethics and Research Committee and all subjects gave written consent to participate in the study. Tables 2 and 3 show the characteristics of the study population stratified by PWV tertiles, regarding pressure, anthropometric and metabolic variables.
Results
The group with the highest PWV tertile had higher SBP, DBP, pulse pressure (PP) and MBP than the group with the lowest PWV tertile (Table 2) , although the prevalence of hypertension was similar in the three groups ( Table 3 ).
The group with the highest PWV tertile had higher mean BMI. There was no statistically significant difference between groups for the other anthropometric parameters (weight, height and waist circumference - Table 2 ). There was also no difference between groups regarding the prevalence of elevated waist circumference and the prevalence of overweight/obesity ( Table 3 ).
The analysis of metabolic variables showed that the group with the highest PWV tertile had higher mean insulin and HOMA-IR, and lower mean adiponectin levels ( Table 2) when compared to the other groups. The third tertile group also showed a higher prevalence of diabetes mellitus/glucose intolerance (DM/GI) and hyperinsulinemia (Table 3) . Table 4 describes the univariate correlations of PWV with the study variables. A significant positive correlation with SBP, DBP, MBP, BMI, waist circumference, LDL-cholesterol, and a negative correlation with HDL-cholesterol and adiponectin can be observed. In the multivariate regression analysis, the inclusion of age, gender, BMI and blood pressure in the model with HDL-cholesterol, LDL-cholesterol and adiponectin, showed that PWV had a significant association only with the male gender and MBP (Table 5) .
Discussion
The present study demonstrated the association of PWV with a worse cardiovascular profile, especially regarding metabolic features, such as higher BP, BMI and insulin and lower plasma adiponectin levels, higher HOMA-IR index and prevalence of diabetes mellitus/glucose impairment (DM / GI) and hyperinsulinemia in young adults with the highest PWV tertile.
Age and blood pressure are the major determinants of PWV. It is believed that age-related vascular stiffening is accelerated by the chronic elevation of blood pressure caused by structural and functional changes in central elastic arteries.
In turn, arterial stiffening partly promotes changes in systolic and diastolic blood pressure related to age, particularly in older individuals 5, 21, 22 .
In individuals younger than 40 years, when the effects of aging on the arterial wall structure and consequent pattern of vascular stiffening is not yet fully developed, the conventional association between age and hypertension become less evident 23 , suggesting that the increased stiffness assessed by arterial PWV in young adults is influenced by other factors such as increased sympathetic nervous system activity and increased peripheral vascular resistance 10 .
In the present study, PWV showed a strong correlation with blood pressure, reflected by higher SBP, DBP, and MBP means in the group with the highest PWV tertile, as well as significant correlations of MBP with PWV, even after adjustments for age, gender and BMI.
Regarding age, the age range of the study population was too narrow and did not represent an important factor in the determination of PWV in the study population, showing no influence on the other study findings.
In relation to the anthropometric indices, this study showed a strong association of PWV with BMI and waist circumference. These findings are also in agreement with previous studies. Zebekakis et al 24 demonstrated a strong correlation between PWV and high BMI and waist-hip ratio, regardless of age, gender, ethnicity and systolic blood pressure. Two other studies controlling the interference caused by age demonstrated positive associations between PWV and several obesity indices, both in a population with a wide age range (20-77 years) 25 and in a younger population (36 years) 26 .
In the present study there was no difference between groups regarding associations either with the means or with the prevalence of possible abnormalities in lipid parameters; however, PWV significantly correlated with LDL-cholesterol and HDL-cholesterol.
The evidence on the correlation between arterial stiffness and lipid levels is controversial. Wang et al 27 showed a positive association between PWV and total cholesterol and LDLcholesterol and an inverse correlation with HDL-cholesterol, with no correlation between PWV and triglycerides (TG) 27 . On the other hand, Ferreira et al 28 could not demonstrate an association between dyslipidemia (elevated TG and low HDL-cholesterol) with PWV in a population of young adult women, and a major population study 6 did not identify any influence of dyslipidemia on PWV.
As this association appears to be complex, it is possible that several existing mechanisms for the association between plasma lipids and arterial stiffness involve situations and concomitant risk factors, such as the development of atherosclerotic plaques, oxidative stress, local and systemic inflammation, endothelial dysfunction, low bioavailability of nitric oxide and endothelin action 29 .
The group with the highest PWV tertile showed a higher prevalence of individuals with DM/GI, although there was no significant difference in the comparison of mean glucose levels between the groups. It is noteworthy that the group with the highest PWV tertile also showed higher serum insulin levels, higher prevalence of hyperinsulinemia and increased HOMA-IR.
Different authors have reported that PWV is higher in diabetic 30 and glucose intolerant individuals 31 , regardless of BP levels and the patient's age 32 ; however, no association has been demonstrated between arterial stiffening and normal fasting glucose levels 33 .
Reduced arterial elasticity can result from the direct action of hyperglycemia and/or hyperinsulinemia or may be a consequence of the action of advanced glycation end products on the vascular matrix proteins, with consequent increased production of collagen fibers 30 .
The role of insulin resistance in the pathogenesis of premature vascular sclerosis may be an important early feature of subclinical disease 34 . The increase of arterial stiffness is proportional to the degree of insulin resistance, regardless of age, degree of obesity, serum lipids and blood pressure, and can be one of the mechanisms involved in this association 35 , involving alterations such as endothelial dysfunction, inflammation and sympathetic activation 28 . Importantly, this study demonstrated an association between lower levels of adiponectin and arterial stiffness assessed by PWV, with a strong inverse correlation between adiponectin levels and PWV. These data are consistent with Mahmud's findings 36 , which showed a significant inverse association between plasma adiponectin levels and PWV in hypertensive individuals and a negative association between adiponectin and plasma glucose, suggesting that insulin resistance, which admittedly increases PWV, may be one of the mechanisms 36 .
The discovery and study of adipokines, such as leptin and adiponectin, have contributed to the understanding of the role of the adipose tissue in the metabolic homeostasis. These molecules may play an important role in the development of insulin resistance and its consequences. Serum leptin concentrations have been associated with cardiovascular risk factors, hypertension and dyslipidemia. Adiponectin is an important insulin resistance-modulating adipokine with anti-inflammatory and anti-atherogenic properties 37 . Low concentrations of adiponectin are associated with the presence of cardiovascular risk factors 38 .
Windham et al 39 demonstrated that leptin was involved in the association between abdominal obesity and arterial stiffness, and that there was a correlation, independent of leptin, adiponectin and resistin, with PWV.
Gauthier et al 38 observed a positive association between PWV and leptin/adiponectin ratio adjusted for gender and age.
In this study, although BP greatly contributed to a higher PWV, metabolic variables such as HDL-cholesterol, LDL-cholesterol, insulin, HOMA-IR, glucose intolerance and hyperinsulinemia also correlated with PWV. These variables are pathophysiologically related, often coexist in young adults 10 and are associated with arterial structure and function impairment 40 . The cross-sectional nature of this study limits our ability to infer a causal relationship between the different variables analyzed and the measurement of arterial stiffness provided by PWV in young adults. Since this is an exploratory study that used several multivariate models to adjust the formulated hypotheses, it is estimated that some biases may have occurred. Thus, we believe that further studies are required to determine how the cardiovascular risk variables analyzed in this study contribute to determine arterial stiffness and, ultimately, to develop arteriosclerosis.
In conclusion, the results of this study demonstrated that the vascular involvement assessed by PWV in young individuals was significantly associated with BP, serum lipids, insulin and HOMA-IR, and adiponectin levels.
It is noteworthy that the male gender and mean blood pressure played an important role in the determination of higher PWV in young adults. These findings suggest that the noninvasive analysis of the vascular structure and function by measuring PWV can be useful for the identification of early vascular involvement in young individuals. Thus, the data shown here are added to previous studies which suggest that the structural integrity and stiffness of the arterial wall in young individuals are determined by several pathogenic mechanisms related to different cardiovascular risk factors, thereby creating a scenario of high potential for prevention in this age group.
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